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ABSTRACT
A long term study on the e f fe c ts  o f  c le a rc u t  fo re s t  harvest 
and regeneration was conducted in  a re p re sen ta t ive  watershed o f  the 
Ouachita National Forest. Fourteen water q u a l i t y  parameters were 
analyzed to  cha rac te r ize  baseline water q u a l i t y .  Water q u a l i t y  was 
c la s s i f ie d  as e x c e l le n t .  A to ta l  o f  350 q u a n t i ta t iv e  benth ic  samples 
and 15 u l t r a v io le t  l i g h t  tra p  samples y ie lde d  173 species o f  macro­
in ve r te b ra te s .  Mean d e n s it ie s  o f  macro invertebra tes ranged from 
4,800/m2 to 23,040/m2 and averaged 12,499/m2 in  the upper L i t t l e  
M issouri R ive r. Twenty-two q u a n t i ta t iv e  c o l le c t io n s  o f  f ish e s  were 
made a t  rep re sen ta t ive  r i f f l e s  and pools. The average biomass 
estimates fo r  r i f f l e s  and pools were 5.69 kg/ha and 16.66 kg/ha, 
re s p e c t iv e ly .  The to ta l  numbers o f  in d iv id u a ls  per hectare were 
higher in  r i f f l e s  than in  pools . Lower standing crops were ob­
served in  a t r ib u ta r y  stream. A Phase I I  study w i l l  evaluate 
and summarize the e f fe c ts  o f  c le a rc u t t in g  approximate ly 113.3 
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Fi g. 1. Map o f the L i t t l e  M issouri R iver showing planned c le a r-  7 
cu ts and sampling s ta t io n s  (LM-1 through LM -8).
INTRODUCTION
C learcut fo re s t  harvest and regenera tion  has been a con­
tro v e rs ia l tim ber management p ra c tic e  during the past 15 years. 
The even-age approach to  tim ber management has been w ide ly  
adopted in  many reg ions o f the coun try . Consequently, a vast 
number o f s tud ies  has been conducted on the e ffe c ts  o f c le a r ­
cu t harvest and s ite  p repa ra tion  on water q u a li ty  and aquatic  
communities in  the  past 10 years. Many o f the c le a rc u t s ite s  
are loca ted in  i n f e r t i l e  headwater streams where f r a g i le  eco­
systems e x is t .  Some o f these environments provide the on ly 
s u ita b le  h a b ita ts  fo r  t r o u t  and smallmouth bass. Many o f these 
s tud ies  have been conducted in  C a lifo rn ia ,  Oregon, and Washing­
ton where steep, mountainous slopes and h ig h ly  eroding s o ils  
predominate. Moring and Lantz (1974, 1975) documented the 
adverse e ffe c ts  o f logg ing on aquatic  resources o f the Alsea 
Watershed in  Oregon. Numerous o ther s tud ies  in  the  Northwest 
(Burns 1972; Cederholm and Salo 1979; Murphy and H all 1981; 
and S k i l le  and Hayman 1979) have documented p o te n tia l impacts 
on stream ecosystems. B u ffe rs tr ip s  were not u t i l iz e d  in  some 
o f the e a r l ie r  logg ing p ra c tic e s , and the use and dimensions 
o f b u f fe r s t r ip s  or streamside management zones are s t i l l  some­
what debatable. Erman, Newbold, and Roby (1977) evaluated the 
use o f b u f fe r s t r ip s  in  C a lifo rn ia  streams and concluded th a t
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b u f fe r s t r ip s  exceeding 30 m in  w id th  provided adequate p ro te c ­
t io n  to  streams.
The number o f s tud ies  concerning the e ffe c ts  o f logging 
p ra c tice s  on water q u a li ty  and aquatic  communities in  the South 
is  l im ite d .  Boschung and O 'N eil (1980) stud ied  the e ffe c ts  
in  the  Northern Piedmont Upland in  Alabama. Beasley (1982) 
reported  on the water q u a li ty  in  south Arkansas fo re s ts  and 
is  c u r re n t ly  s tudying the  e ffe c ts  o f se lected fo re s t harvest 
a c t iv i t ie s  in  10-acre experim ental watersheds in  the Ouachita 
N ational F o res t. Rogerson (1971) conducted stud ies on the 
hyd ro log ic  c h a ra c te r is t ic s  o f small headwater catchments in  
the Ouachita Mountains. M i l le r ,  C hris topher, and A tkinson 
(1980) reported  on water q u a li ty  management in  the Ouachita 
Highland headwaters o f Oklahoma. The impact o f s i lv ic u l tu r e  
a c t iv i t ie s  on streams is  c u r re n t ly  being in ve s tig a te d  in  
Oklahoma (Maughan, personal communication).
In many s tud ies  on the  e ffe c ts  o f logg ing  on stream eco­
systems, adequate base line  data are not a v a ila b le  fo r  compar­
isons, and pos t-ha rves t s tud ies  are compared to  nearby co n tro l 
streams. This study was designed as a long-term  study to  develop 
base line  data on community s tru c tu re s  in  a re p re se n ta tive  w ate r­
shed re ce iv in g  ru n o ff from a r e la t iv e ly  undisturbed fo res ted  
watershed. The re s u lt in g  base line  data would be a v a ila b le  to  
asce rta in  the long-term  impacts o f fo re s t harvest on water
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qu a lity  and aquatic organisms in the watershed during the re ­
generation cycle. A re la t iv e ly  undisturbed watershed, the head­
waters and upper L i t t le  Missouri River, located in the Ouachita 
National Forest was selected fo r the long-term study. This 
area was selected because of the moderately steep stream grad i­
ents, high potentia l fo r erosion, excellent water q u a lity , and 
presence of smallmouth bass. In addition, numerous genera and 
species of aquatic macroinvertebrates are c la ss ifie d  as being 
sensitive to disturbance based on the b io tic  index proposed 
by H ilsenhoff (1977). The spec ific  objectives of th is  pro ject 
were to : (1) document changes in stream water qu a lity  and 
nu trien t levels during fo res t management a c t iv it ie s ;  (2) deter­
mine the e ffec ts  of fo res t harvest on aquatic f lo ra ; (3) assess 
the impact of fo res t harvest on the community structure of 
macroinvertebrates; and (4) ascertain the impact of fo rest 
management on f is h  communities.
MATERIALS AND METHODS 
D e s c r i p t i o n  o f  th e  S tu d y  A re a
The study area of the upper L i t t le  Missouri River is  
located in the U.S. Forest Service C ossa to t-L ittle  Missouri 
Planning Unit o f the Ouachita National Forest which includes 
45.936 ha (113,507 ac) of National Forest lands located in
3
Polk, Montgomery, Howard, and Pike Counties of Arkansas. 
Approximately 72 percent o f the un it is  National Forest land, 
and 85 percent of the National Forest land is  c la ss ifie d  as 
commercial fo res t land (USDA 1976). The L i t t le  Missouri River 
and the Cossatot River are the two princ ipa l watersheds in the 
Management Unit. The headwaters o f the L i t t le  Missouri River 
are located in Polk County, and the r iv e r  flows 185 km to its  
confluence w ith the Ouachita River in Ouachita County. "Local­
ized" u p l i f t  during the Pliocene resulted in steep, rocky moun­
tainous slopes forming narrow ridges running east to west and 
separated by narrow floodp la ins. Numerous gradient stream envi­
ronments were created which were fed by groundwater outflow 
from springs (Ross 1971). A unique f lo ra  and fauna with d is ­
junct populations which have a f f in i t ie s  with the Appalachian 
Mountains developed (Ross 1956, Ross and Ricker 1971). Several 
endemic species of plants and animals also evolved in the 
region and have been of special in te res t to taxonomists.
The natural vegetation is  predominately oak-hickory 
(Q ue rcus  spp. - C arya  spp.) on the ridgetops and north slopes 
w ith shortlea f pine (P in u s  e c h in a ta )  occurring on the south 
slopes. Oaks (Q uercus  spp.), American beech (Fagus g r a n d i ­
f o l i a ) , sweetgum { L iq u id a m b a r  s t y r a c i f l u a ) , black tupelo (Nyssa  
s y l v a t i c a ) , sycamore (P la ta n u s  o c c i d e n t a l i s ), w ild  cherry 
(P ru nu s  v i r g i n i a n a ) , and maples (A c e r  spp.) occur in the
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floodp la ins. The dominant ripa rian  vegetation is hazel alder 
(A ln u s  s e r r u l a t a ) .  The aquatic macrophyte, J u s t i c i a  a m e r ic a n a ,  
produces dense stands in the streambeds of larger streams during 
the summer and f a l l .
The climate is  characterized as temperate with hot, humid 
summers and mild w inters. The mean annual temperature is  approxi­
mately 16.1 C (61.0 F), and the mean monthly temperatures fo r 
January and July are 53. C (41.5 F) and 26.6 C (79.8 F) , respec­
t iv e ly .  The average growing season is  210 days (USDA 1976).
Mean annual p re c ip ita tio n  in the Unit is  137.2 cm (54.0 in) 
and is  f a i r ly  well d is tr ib u te d . August is  usually the d ries t 
month w ith 9.0 cm (6.4 in ) and May is  the wettest with 16.2 cm 
(6.4 in ) .
Soils in the C o ssa to t-L ittle  Missouri Unit were derived 
from novaculite and a lte rna ting  beds of shale and sandstone.
They are medium-textured, shallow to moderately deep, and 
exh ib it low to moderately low water holding capacity. The 
so ils  are also characterized as dry to  droughty w ith moderate 
to  severe erosion potentia l and are considered to be moderate 
to low in p ro du c tiv ity  (USDA 1976, 1978). Soils in the upper 
L i t t le  Missouri River watershed are mostly dry, medium textured 
so ils  occurring on moderately steep slopes and dry, skeletal 
so ils  on ro ll in g  ridgetops underlain by rippable shale, and 
dry, stony so ils  on very steep mountain slopes. The so ils
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located in the small watershed of the tr ib u ta ry  stream to the 
L i t t le  Missouri River are dry, medium textured so ils  on moder­
a te ly  steep slopes (USDA 1976). Sediment losses from typ ica l 
undisturbed fo res t lands in  the Unit approximate 2.39 kg/ha 
(13.0 Ib/ac) per year and may range as high as 4.59 kg/ha 
(25.0 Ib /ac ). Average runo ff in the upper L i t t le  Missouri 
River watershed is  55.0 cm (21.7 in ) per year (USDA 1976).
In the headwater streams and upper regions of the L i t t le  
Missouri River, flood plains are narrow, and the m ajority  of 
streams are very rocky with numerous boulders in the stream 
channel. Elevations of the surrounding mountains general range 
from 487.7 m (1600 f t )  to 673.9 m (2211 f t ) .  Stream gradients 
usually exceed 8.3 m/km (44 f t /m i), and a ll streams are subject 
to short-duration flooding fo llow ing moderate to heavy local 
p re c ip ita tio n . Ephemeral and in te rm itte n t streams flow only 
in response to storm events. A ll streams in the Unit have high 
water q u a lity  and the upper L i t t le  Missouri River is  c la ss ifie d  
as a "AA" stream by the Arkansas Department of P o llu tion Control 
and Ecology.
Eight sampling sta tions were established in the upper L i t t le  
Missouri River and in an unnamed tr ib u ta ry  at s ites above, adja­
cent to  and below designated fo res t harvest areas (Fig. 1).
Five sampling stations were located in the L i t t le  Missouri 
River and three were located in  the tr ib u ta ry . Four stations
6
Fig. 1. Map of the L i t t l e  Missouri River showing planned clearcuts 
and sampling stations (LM-1 through LM-8).
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were sampled more in tens ive ly  and are described in more 
de ta il .
Station LM-1 was located approximately 9 km (5.6 m) below 
the spring source in Polk County of the L i t t le  Missouri River 
and 10 m above the L i t t le  Missouri Fa lls Recreational Area.
Station LM-1 was selected as a control s ta tion  fo r the r iv e r 
and was located above clearcut s ites . Elevation of the stream 
channel at Station LM-1 was 365.8 m (1200 f t )  above msl, and 
the stream gradient approximated 10.6 m/km (34.8 f t /m ile ) .
The r iv e r  at th is  location was c la ss ifie d  as a f i r s t  order 
stream. Substrates were heterogeneous and consisted la rge ly 
of cobble (64-256 mm) with occasional boulders (>256 mm).
Dense stands of waterwillow, J u s t ic a  am ericana , appeared annu­
a lly  in the streambed. At base flows the stream channels were 
approximately 10 m (32.8 f t )  wide, but stream widths were usu­
a lly  2.0-4.0 m (6.6-13.1 f t ) .  Water depths usually ranged from 
5-15 cm (2.0-6.0 in ) and the average depth of a cross-section 
p ro f ile  was ty p ic a lly  10.0 cm (4.0 in ) . Stream ve lo c itie s   
ranged from 0.15 to 0.97 m/sec (0.49-3.18 ft/s e c ) but were typ ­
ic a lly  0.40-0.80 m/sec (1.31-2.63 f t /s e c ) .  Discharge rates
3 3were usually below 0.40 m3/sec (14.1 f t 3/sec) and during July-
3 3August were ty p ic a lly  less than 0.05 m3/sec (1.77 f t 3/sec).
Station LM-5 was located some 6.3 km (3.9 mi) below LM-1 
at a distance of 50 m (164.1 f t )  below the tr ib u ta ry
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confluence. This s ta tion  was located below three proposed  
clearcut compartments to ta lin g  113.3 ha (280 ac). Elevation at 
Station LM-5 was 365.8 (1200 f t )  and the stream gradient be­
tween Stations LM-1 and LM-5 averaged 6.1 m/km (12.4 f t /m i).
Two perennial f i r s t  order streams, Crooked Creek and the un­
named tr ib u ta ry , have merged with the r iv e r  above th is  s ta tion  
so the r iv e r  was c la s s ifie d  as a th ird  order stream at th is  
location. Substrates were heterogeneous but gravel (4-8 mm) 
was predominate. Cobble (64-256 mm) and boulder (>256 mm) 
occurred in frequen tly  at th is  s ta tion  but were predominate at 
most of the r i f f le s  in th is  region of the r iv e r .  Stream widths 
varied from 2.6-14.5 m (8.5-47.6 f t )  but were usually 2.6-3.5 m 
(8.5-11.5 f t )  at low flow . Stream depths ranged from 3.0- 
130.0 cm (1.2-51.2 in ) but were usually 6.0-20.0 cm (2.4- 
7.9 in ) along a cross-section p ro f ile .  Mean depths of the 
cross-section p ro f ile  were ty p ic a lly  9.0-17.0 cm (3.5-6.7 in ) .  
Stream v e lo c itie s  ranged from 0.27-1.30 m/sec (0.89-4.27 f t /  
sec) and averaged 0.54 m/sec (1.77 ft/s e c ). Stream ve lo c itie s  
usually ranged from 0.27-0.55 m/sec (0.89-1.81 f t /s e c ) .  Dis­
charges varied from 0.09 to  24.49 m3 /sec (864.76 f t 3/sec) and 
averaged 2.03 m3/sec (71.68 f t 3/sec). During low flow  in  sum­
mer and f a l l ,  discharge rates ty p ic a lly  ranged from 0.10- 
0.51 m3/sec (3.53-18.01 f t 3/sec).
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Stations LM-6 and LM-8 were located in the tr ib u ta ry  
stream, a perennial f i r s t  order stream with a watershed of 
approximately 404.7 ha (1,000 ac). One clearcut compartment 
o f approximately 40.5 ha (100 ac) was located adjacent to the 
stream (F ig. 1) and represented 10 percent o f the surface area 
of the watershed. The to ta l length of the tr ib u ta ry  stream 
was 3.3 km (5.3 m i). The tr ib u ta ry  stream maintained a flow 
even during the severe drought of 1980 and was c la ss ifie d  as 
a f i r s t  order stream.
The control Station LM-6 was located 1.65 km (2.66 mi)
above Station LM-8 at an elevation of 323.1 m (1,060 f t )  above
msl. The stream gradient o f 43.4 m/km (88.5 f t /m i) represented
the steepest gradient in  the drainage basin. Substrates were
heterogeneous but cobble (64-256 mm) predominated and boulders
were common. Stream widths ranged from 0.6-7.0 m (2.0-
23.0 f t )  but widths were usually 0.6-1.0 m (2.0-3.3 f t ) .
Water depths varied from 5.0-20.3 cm (2.0-8.0 in ) ,  and the
average depth in a cross-section p ro f ile  was ty p ic a lly  7.0 cm
(2.8 in ) .  Stream ve lo c itie s  ranged from 0.18-0.65 m/sec (0.59-
3 32.13 f t /s e c ) .  Discharge rates were below 0.01 m3/sec (0.35 f t 3/ 
sec) except during storm events.
Station LM-8 was located 15.0 m (49.2 f t )  above the conflu­
ence with the L i t t le  Missouri River and below a 40.5 ha 
(100.0 ac) clearcut area at an elevation of 304.8 m (1,000 f t )
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above msl. The stream gradient between Station LM-6 and LM-8 
averaged 14.0 m/km (28.6 f t /m i). Substrates were heterogeneous 
but were predominately cobble (64-256 mm) with some boulders 
(>256 mm). Stream widths usually ranged from 1.5-3.2 m (4.9- 
10.5 f t ) ,  and mean stream depths along a cross-section p ro file  
were usually 5.0-10.0 cm (2.0-4.0 in ) .  Stream ve loc ities  at 
th is  sta tion were ty p ic a lly  0.20-0.60 m/sec (0.66-1.97 ft/se c )
3
at base flows. Discharge rates seldom exceeded 0.01 m3/sec
3
(0.35 f t  /sec) except during storm events.
F ie ld  S am pling  and L a b o ra to ry  A na lyses
With the assistance of the U.S. Forest Service, a re la ­
t iv e ly  undisturbed forested watershed located in the Ouachita 
National Forest was selected as a representative drainage basin 
to study the long-term e ffec ts  of clearcut fo res t harvest on 
water q u a lity  and community structures of aquatic macroinverte­
brates and fishes. Numerous compartments ranging in size from 
32.8-40.5 ha (81-100 ac) have been selected fo r clearcut har­
vest and regeneration during the next three years. Two of 
these compartments were located adjacent to the L i t t le  Missouri 
River, and one was adjacent to a perennial tr ib u ta ry  (F ig. 1). 
Eight representative sampling stations were established in the 
streams at s ites above, adjacent to , and below the harvest 
areas (Fig. 1). Stream cha rac te ris tics  (channel morphometry,
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ve lo c ity , and discharge) and selected physicochemical parame­
ters (temperature, dissolved oxygen, pH, a lk a lin ity ,  spec ific  
conductance, to ta l hardness, tu rb id ity ,  to ta l so lids, n itra te  
nitrogen, ammonia nitrogen, and phosphorus) were analyzed to 
ascertain baseline water q u a lity  and any subsequent changes 
caused by fo res t harvest and regeneration. Samples were co l­
lected bi-weekly or monthly and analyzed in accordance with 
standardized procedures (APHA 1976, EPA 1973, 1974). Stream 
ve lo c itie s  were measured with a Kahlsico pygmy current meter 
and a Teledyne-Gurley current meter. Stream temperatures were 
measured with a submersible Kahlsico thermograph and a Model 
57 YSI oxygen meter. Dissolved oxygen was determined by the 
Azide m odification of the Winkler method.
Substrates were c la s s ifie d  on the basis of the modified 
c la s s if ic a tio n  system proposed by Cummins (1962). B iological 
sampling and data analyses were conducted in accordance with 
the procedures established by EPA (1973). A to ta l of 350 
quan tita tive  samples of macroinvertebrates were collected p rio r 
to  fo res t harvest and regeneration to evaluate any impacts on 
community structure . Five quan tita tive  samples each month were 
collected at stations in the L i t t le  Missouri River using a 
Surber sampler equipped with a 752- μ mesh net. Three samples 
each month were collected at stations in the tr ib u ta ry  stream. 
During 1980-1981, 4-6 quan tita tive  samples were collected at
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rep re sen ta t ive  s ta t io n s  using a m odified Hess sampler equipped 
w ith  a 163- μ mesh net. Samples were preserved w ith  Kahle 's 
f l u i d  and screened w ith  U.S. Bureau o f Standards s ieves. Num­
ber 35 (500-μ) and #120 (125- μ ) sieves were used to  p a r t i t i o n  
the m acroinvertebrates in to  a m a cro -frac t io n  ( >500μ) and a 
m ic ro - f ra c t io n  (<500μ) .  The m a cro -frac t io n  was handsorted 
at a m a g n if ica t io n  o f 10.5 X. Ten to  20 percent o f the to ta l  
volume o f the m ic ro - f ra c t io n  was subsampled using a Hensen- 
Stempel p ip e t te  a f te r  separating the organisms from the sed i­
ment. A du lt insec ts  were c o l le c te d  from A p r i l -October using 
a po rtab le  black l i g h t .  Adu lts  were a lso c o l le c te d  at each 
s ta t io n  throughout the year during emergence by using nets.
Q u a n t i ta t ive  c o l le c t io n s  o f  f is h e s  were made using a 
C o f fe l t  Model VVP2E e le c t ro f is h e r  equipped w ith  po rtab le  e le c ­
trodes . A 2,000-watt Sears generator was used f o r  c o l le c t io n s  
on the main r i v e r ,  and an 1,100 w att Sears generator was used 
f o r  c o l le c t io n s  in  the small t r i b u t a r y .  Sections o f r i f f l e s  
and pools were blocked using f in e  mesh seines. Fishes were 
preserved in  10 percent fo rm a l in .
RESULTS AND DISCUSSION 
P hys ic oc hemic a l  Char a c t e r i s t i c s
Fourteen parameters were analyzed to  determine water q u a l i t y  
in  the upper L i t t l e  M issouri R iver and t r ib u t a r y  stream. The
13
number o f  de te rm ina tions , range, and mean fo r  each parameter a t  S ta tions 
LM-1, LM-5, LM-6, and LM-8 are shown in  Tables 1, 2, 3, and 4. These 
data in d ic a te  th a t  the upper L i t t l e  M issouri R iver is  a p r is t in e ,  i n f e r t ­
i l e  watershed th a t  is  c h a ra c te r is t ic  o f  the Ouachita National Forest 
Physiographic Region. In genera l, water q u a l i t y  in  the upper L i t t l e  
M issouri R iver watershed was characte rized  by s l i g h t l y  acid to  neutra l 
pH le v e ls ,  low a l k a l i n i t i e s  and to ta l  hardness le v e ls ,  moderately high 
d isso lved oxygen con cen tra t io ns , low t u r b id i t i e s ,  extremely low ion 
concen tra t ions , and a pa uc ity  o f  n itrogen  and phosphorus. The ranges 
and means o f  a l l  parameters and seasonal pa tterns were q u ite  s im i la r  at 
a l l  sampling s ta t io n s .
At S ta t io n  LM-1, stream temperatures ranged from 1.1 -26 .0  C and 
were u su a l ly  s l i g h t l y  lower than the downstream S ta t io n  LM-5 because o f 
more shading a t  LM-1. pH varied from 6.0 to  7 .0 . Total a l k a l i n i t y  
ranged from 3 .0 -11 .0  mg/l and u su a l ly  d id not exceed 5.0 mg/l . Disso­
lved oxygen ranged from 6.9 -11 .8  mg/1 and percentage sa tu ra t io ns  were 
u su a lly  100.0 percent or h igher. S p e c if ic  conductance varied  from 
14.0-38.0 μmhos/cm and averaged 23.0 μmhos/cm. Total so l id s  ranged 
from 15.0-39.0 mg/l and averaged 26.4 mg/l . T u rb id i ty  ranged from 
0 .5 -52 .0  NTU during the sampling periods and the mean was 3.9 NTU. 
T u rb id i t y  le v e ls  a t  base flows were u su a l ly  less than 1.0 NTU. N i t ra te  
n itrogen  ranged from 0.01-0.07 mg/l , and the mean concentra tion  was 
0.02 mg/l . Concentrations o f  orthophosphate were a lso c o n s is te n t ly  
low and ranged from 0.01-0.03 mg/l and averaged 0.01 mg/l .
Physicochemical c h a ra c te r is t ic s  a t S ta t io n  LM-5 were s im i la r  to 
LM-1 except th a t  temperatures, discharge ra te s ,  s p e c i f ic  conductances,
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Table 1. Temperature (C ), pH (u n its ) ,  s p e c if ic  conductance 
( μmhos/cm), tu r b id i t y  (NTU), v e lo c ity  (m /sec), discharge (m3/s ) ,  










S p e c ific  conductance
T u rb id ity
Tota l a lk a l in i t y
Total hardness
Tota l s o lid s
C hloride
Ammonia n itrogen  
















1.10 - 26.00 
0.15 -  0.97 
0.01 - 1.20
6.00 - 7.00 
6.90 - 11.80




15.00 - 39.00 
0.50 - 5.00 
0.05 - 0.12 















*Ranges o f cu rre n t v e lo c it ie s  and discharges during  sampling periods.
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Table 2. Temperature (C), pH ( u n i t s ) ,  s p e c i f ic  conductance 
( μmhos/cm), t u r b id i t y  (NTU), v e lo c i t y  (m/sec), discharge (m3/ s ) ,  










S p e c if ic  conductance
T u rb id i ty
Total a l k a l i n i t y
Total hardness
Total so l id s
Chloride
Ammonia n itrogen 
















7.10 - 30.20 
0.27 - 1.30 
0.09 - 24.99
6.00 - 7.10 
6.40 - 11.80
14.00 - 54.00 




1.00 - 5.00 
0.04 - 0.09 















*Ranges of cu rren t v e lo c i t ie s  and discharges during sampling periods.
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Table 3. Temperature (C), pH ( u n i t s ) ,  s p e c i f ic  conductance 
(μmhos/cm), t u r b id i t y  (NTU), v e lo c i t y  (m /sec), discharge (m3/s), 










S p e c if ic  conductance
T u rb id i t y
Tota l a l k a l i n i t y
Total hardness
Total s o l id s
Chlor ide
Ammonia n itrogen  
















1.60 - 27.10 
0.13 - 0.85 
0.03 - 0.67
6.00 - 7.60 
7.10 - 14.00





1.00 -  3.50 
0.06 - 0.10 















*Ranges o f  cu rre n t v e lo c i t ie s  and discharges during sampling periods
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Table 4. Temperature (C), pH (u n its ) , spec ific  conductance 
(μmhos/cm), tu rb id ity  (NTU), ve lo c ity  (m/sec), discharge (m3/s ) ,  

































1.60 - 25.10 
0.20 - 1.51 
0.02 - 1.64 
5.80 - 6.60




8.00 - 14.00 
16.00 - 40.00
1.00 - 4.50 
0.05 - 0.12 















*Ranges of current ve lo c itie s  and discharges during sampling periods.
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to ta l a lk a l in i t ie s , and to ta l solids were s lig h t ly  higher a t LM-5. The 
stream temperatures ranged from 7.1 to 30.2 C. Stream ve loc ities  and 
discharge rates ranged from 0.27-1.30 m/sec and 0.09-24.99 m3/sec, 
respective ly. Specific conductances ranged from 14.0-54.0 umhos/cm, 
and the mean was 28.4 umhos/cm. Total a lk a lin ity  varied from 3.5-19.0 
mg/l w ith an average concentration of 10.0 mg/l . The higher a lk a lin ity  
levels were observed during la te  summer and f a l l  a t base flow  rates. 
Total solids ranged from 23.0-43.0 mg/l and averaged 30.5 mg/l fo r 
the 24 samples analyzed. Concentrations o f n itra te  nitrogen and ortho­
phosphate were quite low and averaged 0.02 mg/l and 0.01 mg/l , respect­
iv e ly .
Physicochemical cha rac te ris tics  a t Stations LM-6 and LM-8 on the 
tr ib u ta ry  stream were very s im ila r to the determinations at Station LM-1 
on the upper L i t t le  Missouri R iver. Stream ve lo c itie s  a t Stations LM-6 
and LM-8 were s im ila r, but discharge levels were sub s tan tia lly  lower 
than the levels measured in the main r iv e r .  Discharge rates at LM-6 
ranged from 0.03-0.67 m3/sec, and the mean rate was 0.09 m3/sec. Dis­
charge rates at Station LM-8 were s lig h t ly  higher and ranged from 0.02- 
1.64 m3/sec and averaged 0.33 m3/sec fo r the 15 determ inations. The 
mean was higher than at LM-6 because one measurement was recorded at 
th is  s ta tion  fo llow ing moderate local p re c ip ita tio n .
A q u a tic F lo ra
Various a r t i f ic ia l  substrates including glass s lid e s , p lex ig lass, 
and s o lid , weighted bricks were anchored in the stream to obtain e s t i­
mates o f periphyton co lon ization rates and biomass. In add ition ,
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boulders were marked to serve as representative substrates fo r algal 
colonization rates. A time in te rva l o f s ix weeks was allowed fo r the 
colonization to occur. However, the moderately high stream gradients 
and s h ift in g  cobble substrates displaced or covered a r t i f ic ia l  substrates 
placed in the stream, and water levels fluctuated to such an extent 
tha t re lia b le  estimates were not being obtained. Consequently, only 
general observations on periphyton and algae were made.
M acro invertebra tes
A to ta l o f 171 species o f macroinvertebrates has been id e n tifie d  
from 15 u ltra v io le t  l ig h t  trap samples and 350 quan tita tive  benthic 
samples collected from the upper L i t t le  Missouri River (Table 5). In 
some cases, immature stages were reared to adult stages fo r more com­
plete and accurate species id e n tif ic a tio n s . The species l i s t  w il l 
increase somewhat with additional taxonomic study o f the Diptera 
(Chironomidae). The numbers o f species lis te d  by taxa included 
Trichoptera (45), Ephemeroptera (39), Plecoptera (27), Diptera (17), 
Odonata (17), Coleoptera (12), and miscellaneous other taxa (14). 
McCafferty and Provonsha (1978) had previously reported 30 species 
of mayflies from the area. The d iv e rs ity  o f species in the upper 
L i t t le  Missouri River was higher than in most other physiographic 
regions of the state but was probably typ ica l o f the Ouachita National 
Forest and Ozark National Forest regions o f Arkansas. The faunas in 
these mountainous regions are quite diverse and related in part to 
the faunas o f the Appalachian Mountains o f eastern North America.
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Orconec tes acares A
Orconec tes menae A
Orconec tes pa lm eri l ongimanus A
Procambarus acutus A
ISOPODA (Isopods)
L i r ceus sp. A
GASTROPODA (Snails and Limpets)
A
Hebetancylus exce n t r icus
COLLEMBOLA (S p ring ta ils )
Podura aquatica  A
EPHEMEROPTERA (Mayflies)
Hexagenia lim bata  A
Potamanthus ru fous  A
Ephemera simulans A
B a e tisca la c u s tr is  L
Iso n ych ia  ru fa  A,L
S iph lonurus  sp. L
B ae tis  f ro n d a lis  A,L
B ae tis  in t e r ca la r is  A,L
B ae tis  pygmaeus A,L
B ae tis  sp. L
C entrop tilum  ru fo s tr ig a tu m  A,L
Pseudooloeon anoka A,L
Pseudocl oeon ca ro lin a  A,L
Pseudooloeon c in g u la tum  A,L
Pseudoc loeon dubium A,L
Heptagenia aphrod ite  A,L
Heptagenia hebe A,L
Heptagenia inconspicua  A,L
Heptagenia minerva A,L
Heptagenia p e rf id a  A,L
Rhithrogena p e llu cid a  L
Stenacron in te rp u n c tatum  A,L
Stenonema exiguum A,L
Stenonema femoratum A,L
Stenonema integrum  A,L






Caenis h i la r is  A
Tricorythodes atra tu s  A,L
A tte n e lla  a ttenua ta  L
Ephemerella in v a r ia  L
E ury lophe lla  b ic o lo r  L
S e rra te lla  se rra to id e s  A,L
Choroterpes b a sa lis  A
Leptophleb ia cupida  A,L
Leptophleb ia nebulosa A
Habrophlebiodes americana A
P ara lep toph leb ia  g u tta ta  A
P ara lep toph leb ia  m o llis  A
ODONATA (Dragonflies and Damselflies)
Cal op teryx maculata A,L
Hetaerina americana A,L
A rg ia  moesta A
A rg ia  tra n s la ta  A
Enallagma exsulans A
Tachopteryx th o re y i A
Hagenius b re v is ty lu s  A,L
Boyeria vinosa  A, L
Epiaeschna heros A
C elithem is eponina A
E ry th ro d ip la x  connata A
L ib e llu la  v ib rans  A
Pachydiplax long ipenn is  A
P erithem is tenera  A




A llo cap n ia  v iv ip a r ia  A
A llo cap n ia  r ic k e r i  A
A llo cap n ia  j eanae A
Capnia sp. A
Leuctra  sp. A,L
Zealeuctra w arren i A,L
Strophopteryx fa s c ia ta  L
Taeniopteryx b u rks i A,L
Amphinemura delosa  A,L
P ros to ia  completa A,L
A llo p e r la  ouachita  A,L
A llo p e r la  hamata A,L
Hastaperla  sp. L
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Table 5. Continued.
Iso p e rla  ouach ita  A,L
Iso p e rla  namata A,L
Iso p e rla  mohri L
C lio p e rla  c l io  A,L
Helopicus nalatus  A,L
Hydroperla crosbyi L
P e r lin e lla  ephyre A
P erlesta  spp. A,L
Neoperla catharae A,L
Neoperla sp. A,L
Phasganophora ca p ita ta  A,L
Acroneuria perplexa  A
Acroneuria evoluta  A
COLEOPTERA (Beetles)
Dineutes sp. A
E ctop ria  nervosa A
Helichus basa lis  A
Helichus fa s t ig ia tu s  A
Hydrophilus sp. A
Macronychus g labra tus  A
M icrocylloepus p u s il lu s  A
O ptioserv is  sp. L
Psephenus h e r r ic k i A,L
Stenelm is beameri A
Stenelmis  b ica rin a ta  A
Stenelmis knobeli A
HEMIPTERA (True Bugs)
G erris  sp. A
Rhagovelia f la v ic in ta  A
Merragata b rev is  A
MEGALOPTERA (A ld e rflie s  and Dobsonflies)
S ia l is  sp. L
Corydalus cornutus A»L
N igron ia  sp. L
TRICHOPTERA (Caddis F lies)
WormaIdia sp. L
Dolophilodes sp. L
Chimar ra  fe r ia  A
Chimarra obscura A
Chimarra socia  A
Psychomyia f la v id a  A,L
Cernotina  sp. A
Nyctiophylax a f f in is  A,L
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Table 5. Continued.
Polycentropus c e n tra lis  A,L




Cheumatopsyche p e t t i t i  A
Hydropsyche b e tte n i A
Hydropsyche ro s s i A
Hydropsyche sca la r is  A
Agapetus nr. medicus A,L
H ydroptila  de linea ta  A
H ydroptila  grandiosa A
M ayatrichia ayama A
Oxyethira novasota A
Oxyethira zeronia  A
Micrasema rusticum  A
Pycnopsyche lepida  A,L
Neophylax sp. L
Lepidostoma sp. L
Helicopsyche l i mne lla  A,L
Ceraclea maculata A
Ceraclea protonepha A
Ceraclea ta rs ipuncta ta  A
Ceraclea transversa  A
Mystacides sepu lch ra lis  A
Nectopsyche exq u is ita  A
Oecetis avara A




Oecetis osten i A
Oecetis p e rs im ilis  A
Triaenodes ig n itu s  A
Triaenodes in ju s tu s  A
Triaenodes pern us A
Rhyacophila sp. L
DIPTERA (True F lies and Midges)
Antocha sp. L










Prosimulium  sp. L







A = Adult 
L = Larvae
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Localized Pliocene u p l i f t  in the Ouachita Mountains and Ozark Mountains 
created a number o f gradient stream environments w ith cooler temperatures 
than surrounding areas. Luxurious growths o f ripa rian  deciduous veget­
ation provided adequate shading to maintain cooler stream temperatures 
and contributed substantial quan tities  o f allochthonous l eaf materials 
fo r degradation by the functional groups o f the aquatic ecosystem. 
Numerous genera and species occurring in the upper L i t t le  Missouri 
River have been c la s s ifie d  as being sensitive  to environmental d is tu rb ­
ance by H ilsenhoff (1977). The presence o f these ind ica to r organisms 
was ind ica tive  o f the moderately high stream gradients, cooler temp­
eratures, and higher oxygen concentrations. The Plecoptera (s tone flies ) 
fauna was p a r t ic u la r ly  in te res ting  and included several genera and 
species tha t would be p a rt ic u la r ly  sens itive  to increases in water 
temperatures and decreases in  dissolved oxygen concentrations. Taxa 
tha t would be placed in  the low tolerance category included Amphinemura 
delosa, Zealeuctra w arren i, Leuctra sp ., Iso p e rla  c l io ,  Isope rla  
ouachita} Iso p e rla  namata, Iso p e rla  m ohri, Phasganophora ca p ita ta , 
and Hastaperla sp. Other species w ith low tolerance values fo r 
disturbance included the fo llow ing Ephemeroptera (m ayflies) taxa: 
A tte n e lla  a ttenuata, E ury lophe lla  in v a r ia , E ury lophe lla  b ic o lo r , 
and Rhithrogena p e llu c id a . Trichoptera (ca d d is flie s ) taxa including 
Agapetus medicus. Helicopsyche lim n e lla , Chimarra socia, Chimarra 
fe r ia ,  Nyctiophylax a f f in is , Polycentropus c e n tra lis , and 
Rhyacoph ila sp. would also be c la s s if ie d  as in to le ra n t o f d is tu rb ­
ance.
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During the 1979-1980 sampling period, 200 quan tita tive  samples were 
collected with a Surber sampler equipped with a 752-u mesh net. A fte r 
co lle c tio n , these samples were mechanically sorted w ith a stereomicro­
scope at a m agnification o f 10.5 X. During the 1980-1981 sampling 
period, a to ta l o f 150 quan tita tive  samples was collected with a 
modified Hess sampler using a 163-u mesh net. The samples were 
screened in to  500-u (macro) and 125-u (micro) frac tions  using # 35 
and # 120 U.S. Bureau of Standards sieves, respective ly . The macro­
frac tio n  was hand-sorted a t 10.5 X m agnification, and the micro- 
fra c tio n  was subsampled using a Hensen-Stempel p ip e tte . Usually only 
10-20 percent o f the to ta l numbers of Diptera was removed by screening 
with the 500-u sieve and hand-sorting a t 10.5 X. The most e ffe c tive  
techniques fo r removing Diptera and early insta rs o f most taxa were 
screening and subsampling. T yp ica lly  40-50 percent o f the Coleoptera, 
Plecoptera, Trichoptera, and Ephemeroptera specimens was removed in 
the 500-u fra c tio n .
In the Surber samples collected at S tation LM-l , the to ta l mean 
densities o f macroinvertebrates ranged from a low of 840/m2 on Nov­
ember 23, 1979 to a maximum o f 2,103/m2 on August 21 , 1980 (Table 6), 
Ephemeroptera comprised 62.8 percent o f the to ta l number o f organisms 
per square meter on August 21, 1980 and were the dominant group of 
organisms present in  the samples co llected w ith the la rger mesh. 
Trichoptera and Plecoptera were the next two most abundant groups. The 
mean density o f Diptera ranged from only 15/m2 to 433/m2 whereas 
th e ir  mean densities based on the modified Hess (163-u mesh) samples 
ranged from 2,504/m2 to 17,215/m2 (Table 7 ). Total mean densities
27
Table 6. Mean densities of macroinvertebrates per square meter 
based on Surber samples at S tation LM-l . Numbers of quantita­
tiv e  samples are shown in parentheses.
TAXA 11/3/79 11/23/79 12/20/79 01/13/80 02/23/80 03/7/80 04/25/80












































































































































































Totals 1,322 956 1,721 2,103 1,410 817
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Table 7. Mean densities of macroinvertebrates at Station LM-1 in the upper L i t t le  Missouri 

































































































Totals 7,460 20,958 9,285 18,176 10,994 13,143
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ranged from 7,460/m2 to 20,958/m2, and the average monthly density was 
13,336/m2. These mean densities were much higher than those reported 
by Smith (1982) in  the ta ilw a te rs  o f the L i t t le  Missouri River below 
Lake Greeson. In fa c t,  very few studies have reported invertebrate 
densities as high as those reported fo r th is  study. This is  in part 
due to the fin e  mesh size used and the sorting  technique u t il iz e d .
The dominant groups collected w ith the 163-u mesh in order o f 
abundance included D iptera, Ephemeroptera, Trichoptera, and Plecoptera. 
The numbers o f Diptera ranged from 2,504 to 17,215/m2, and i t  was 
qu ite apparent tha t the smaller mesh was much more e ffe c tive  in  re ­
ta in ing  midges in  the quan tita tive  samples. Seasonal abundances o f 
the common genera and species were quite s im ila r a t Station LM-5 so 
seasonal trends are discussed only a t Stations LM-5 on the main r iv e r  
and a t LM-8 on the tr ib u ta ry  stream. The mean monthly densities o f 
macroinvertebrates a t Stations LM-l and LM-5 on six sampling dates 
were 13,336/m2 and 12,429/m2, respective ly .
The mean densities o f macroinvertebrates based on 4-6 samples per 
month at S tation LM-5 ranged from 4,800/m2 to 23,040/m2 and averaged 
11,661/m2 (Table 8 ). Diptera ranged from 503/m2 to 11,290/m2 and acc­
ounted fo r 47.6 percent o f the to ta l number o f organisms collected at 
Station LM-5. Hydracarina (aquatic mites) were next in  abundance, and 
densities ranged from 76/m2 to 3,976/m2. Ephemeroptera (mayflies) 
were the th ird  most abundant group, and mean densities varied from 253/m2 
to 3,824/m2. Densities o f mayflies were the highest during May through 
October when densities ranged from 1,493/m2 to 3,824/m2. S im ilar
30
Table 8. Mean densities of macroinvertebrates per square meter at Station LM-5 in the upper 

























































































































































Totals 4,800 7,879 4,369 14,266 6,924 23,040 16,337 6,975 16,550 15,469
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seasonal abundances were observed a t Station LM-1 (Table 7) and 
LM-8 (Table 9). Monthly abundances of the more common Ephemerop­
tera genera at Station LM-5 are shown in Table 10. The most common 
genera included B a e tis ,  Stenonema, H ep tagen ia ,  Pseudooloeon,  and 
Is o n y o h ia . B a e tis  sp., B a e tis  pygmaeus,  B a e tis  f r o n d a l is ,  and B a e tis  
i n t e r c a la r is  were most common during la te  spring and summer. Hepta­
g e n ia spp. were most abundant on August 8, 1981. Stenonema m edio­
punota tum  was the most abundant member o f th is  genus during the 
summer months, and Stenonema femor atum was dominant during the f a l l .  
Pseudooloeon spp. were present in substantial numbers during the 
summer months. Caenis amic a , Caenis h i l a r i s , and T r ic o ry th o d e s  
a t ra tu s  were most abundant during the la te  summer and f a l l .
Mean densities o f Plecoptera (s tone flies) at Station LM-5 
are shown in Table 11. Seasonal variations in mean densities 
were ind ica tive  o f basic l i f e  h is to ry features of each group 
including diapause and emergence patterns. A llo c a p n ia  spp., 
T a e n io p te ry x  b u r k s i, and I s o p e r la  spp. were the most abundant 
during the fa l l  and w in ter, and N eoperla spp. and Phasganophora  
c a p ita ta  were more common during the summer and early f a l l .
Total mean densities in  the macro-sorted frac tio n  ranged from 
46/m2 to 510/m2. Plecoptera populations were generally low 
during the summer and increased to maxima during the fa l l  and 
w inter.
The mean densities o f Trichoptera in the macro-sorted fra c ­
tion  a t Station LM-5 ranged from 117/m2 to 1,024/m2 (Table 12).
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Table 9. Mean densities of macroinvertebrates per square meter at Station LM-8 in the upper 






































































































Totals 5,028 15,383 3,211 14,616 22,835 17,029 10,232
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Table 10. Mean densities of Ephemeroptera per square meter in the macro-sorted fraction at 
Station LM-5 in the upper L ittle  Missouri River. Numbers of modified Hess (163-u mesh) 




































































































































Totals 870 447 124 248 244 796 1,015 867 1,023 1,627
Macro-sorted frac t ion  does not include many early instars sorted by screening with 125-u standard sieve.
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Table 11. Mean densities of Plecoptera per square meter in the macro-sorted fraction at 
Station LM-5 in the upper L ittle  Missouri River. Numbers of modified Hess (163-u mesh) 
samples are shown in parentheses.
TAXA
10/26/80 11/22/80 12/22/80 1/17/81 3/16/81 5/22/81 6/13/81 8/8/81 8/22/81 9/24/81

























































































Totals 413 348 322 510 240 113 84 86 46 83
Macro-sorted fra c tio n  does not include many early ins ta rs  sorted by screening with 125-u standard sieve.
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Table 12. Mean densities of Trichoptera per square meter in the macro-sorted fraction at 
Station LM-5 in the upper L ittle  Missouri River. Numbers of modified Hess (163-u mesh) 
























































































Totals 509 221 117 202 273 823 1,024 273 486 623
Macro-sorted f rac t ion  does not include many early instars sorted by screening with 125-u standard sieve.
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Cheumatopsyche spp. were predominate throughout most of the year, and 
mean densities ranged from 73/m2 to 873/m2 . The monthly mean number 
of Cheumatopsyche spp. collected was 362/m2 . Agapetus medicus was 
common during January-March. Chimarra spp. were more common during the 
spring and summer than during the f a l l  and w inter. Helicopsyche  
l i m ne l la  was abundant during the spring and f a l l .  Other species 
that commonly occurred in the benthic samples included WormaIdia sp ., 
Psychomyia f la v id a , N yc tiophy lax  a f f i n i s , Polycentropus c e n t r a l is , 
Neophylax sp ., and Pycnopsyche le p id a .
Seasonal variations and mean densities of macroinvertebrates 
at Station LM-8 on the tr ib u ta ry  stream were s im ilar to the data 
collected in the upper L i t t l e  Missouri River. Mean densities ranged 
from 3,211/m2 to 22,835/m2, and the average monthly density for a l l  
samples was 12,619/m2. Diptera accounted for 33 .8-81.6 percent of 
the to ta l numbers of organisms present. Numerous species of chironomids 
and the b lack flies  Prosim ulium  sp. and Simulium  sp. were dominant.
The collembolan, Podura aqua tica , was more abundant a t th is  station  
and population estimates ranged from 0 to 1,561/m2 . The isopod,
L irceus  sp., was very conspicuous at th is  station and estimates 
ranged from 123/m2 to 3,529/m2 and averaged 1 ,5 8 6 /m 2 . The densities  
of stoneflies were also higher in the tr ib u ta ry  stream at Station  
LM-8 than at stations in the main r iv e r ,  and standing crops ranged 
from 320 /m 2  on August 22, 1981 to 3 ,3 5 6 / m 2 on November 22, 1980.
The monthly mean was 1 ,356/m2 at th is  station compared to 547/m2 
at Station LM-5. A llo ca p n ia  spp. and Zea leuctra  spp. were much more
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abundant a t S tation LM-8 than at any o f the other co lle c tin g  sta tions. 
Other common genera included Is o p e r la , Taen iopteryx, Amphinemura, 
and Neoperla. Mayflies were also abundant, and densities ranged 
from 311/m2 to 1,785/m2. The most common genera included B a e tis , 
Heptagenia, P a ra lep to ph le b ia , and Ison ych ia . Common Trichoptera 
genera included Cheumatopsyche, Agapetus, Helicopsyche, Chimarra, 
and Neophylax. Mean densities ranged from 110/m2 to 797/m2 and were 
sub s tan tia lly  lower than the populations in the upper L i t t le  
Missouri R iver. Seasonal cycles were somewhat s im ila r to those 
a t other s ta tio n s .
A study o f the comparative feeding ecology o f leaf-pack 
inhabiting aquatic macroinvertebrates by Feminella (1983) 
concluded tha t submerged leaves in the upper L i t t le  Missouri 
River were important substrates fo r many species o f aquatic 
insects during a l l seasons o f the year. R e la tive ly  constant 
monthly numbers o f species inhabiting le a f packs indicated that 
le a f packs were stable substrates or were being colonized rap id­
ly .  The le a f packs also served as valuable food resources fo r 
a number o f species in addition to a preferred habita t fo r some 
predatory species. Sixteen species o f systel l ognathan stoneflies 
occurred in le a f packs during the 1980-1981 study period. Phas­
ganophora c a p ita , Neoperla spp., P e rle s ta  spp., Acroneuria  spp., 
C lio p e r la  c l io ,  Helopicus na la tu s , Is o p e r la  namata, and Is o p e r la  
mohri were commonly co llected , and the m ajority  o f these species 
spent part or a ll o f th e ir  nymphal stage in lea f packs. A species
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l i s t  and mean densities o f animals collected from natural le a f packs 
at Stations LM-1 ( I )  and LM-5(II) are included in  Appendix A. The 
d iv e rs it ie s  o f organisms and seasonal va ria tions in  densities o f 
animals u t i l iz in g  natural le a f packs in  the upper L i t t le  Missouri 
River documented the important ro le  o f allochthonous deciduous 
leaves in  the ecosystems o f headwater streams. I t  is  o f utmost 
importance tha t deciduous bu ffe rs tr ip s  along these streams be 
maintained during logging and regeneration in  order to maintain 
the energy regimes and natural physicochemical cha rac te ris tics  
o f the streams in the watershed to pro tect aquatic l i f e .
Fishes
A thorough survey of the fishes o f the L i t t le  Missouri River 
was conducted by Myers (1977). Based on 23,852 specimens represent­
ing 58 co lle c tio n s  from 20 d iffe re n t lo c a l i t ie s ,  92 species represent­
ing 19 fam ilies  were reported fo r the L i t t le  Missouri River Drainage. 
Th irty-tw o species have been reported from the upper L i t t le  Miss­
ouri River in  the study area o f th is  p ro ject (Table 13). Twenty- 
two qu an tita tive  co lle c tion s  were made using a C o ffe lt VVP-2E e le c tro ­
fish e r and a 2,000 watt Sears generator to evaluate the e ffec ts  of 
c learcu t fo re s t harvest on the f is h  populations in  the watershed. 
F ifteen quan tita tive  co lle c tion s  were made in  the upper L i t t le  
Missouri River and 7 co lle c tion s  were made in  the tr ib u ta ry  
stream. Representative r i f f le s  and pools (25-50 m in  length) 
were blocked w ith fin e  mesh seines, and fishes were co llected in
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Table 13. L is t o f fishes in the upper L i t t le  Missouri River.
S c ie n tif ic  Name
Gambusia a f f in is  
Sal mo g a ird n e r i 
Campostoma anomal um 
Nocomis asper 
N otrop is  boops 
N otrop is  chrysocephal us 
N otrop is  fumeus 
N otrop is  um bra til is  
N otrop is  whippl e i 
Pimephal es no ta tus  
Pimephal es tene l l us 
Semotil us atrom aculatus  
Hypentel ium n ig r ic a n s  
Moxostoma erythrurum  
I c t a l urus na ta l is  
I c t a l urus punctatus  
Noturus nocturn us 
Pyl o d ic t is  o l iv a r is  
Fundul us catenatus  
Fundul us notatus  
Fundul us ol ivaceus 
Labidesthes s ic c u l us 
Ambl opl i te s  ru p e s tr is  
Lepomis cyanel l us 
Lepomis macrochirus 
Lepomis megal o t is  
Lepomis punctatus  
M icropterus dol omieui 
M icropterus sal moides 
Etheostoma b l ennioides  
Etheostoma radiosum  
Etheostoma zonal e
Common Name
Mosquito fish  
Rainbow tro u t 













Channel ca tfish  
Freckled madtom 
Flathead ca tfish  
Northern studfish 
B lackstripe topminnow 
Blackspotted topminnow 
Brook s ilve rs ide  
Rock bass 
Green sunfish 









each area. The co llec ting  area was id e n tifie d  with numbered metal 
tags fo r a post-harvest co lle c tion  a t each s ite . Samples from r i f f le s  
and pools were collected and analyzed separately. A to ta l o f 1,285 
specimens was collected in the upper L i t t le  Missouri River (Table 
14). The stonero lle r Campostoma anomal um (35.88 %) and the orange- 
be lly  darter Etheostoma radiosum  (27.51 %) were the two most abund­
ant species found in r i f f le s  (Table 14). Next in abundances were 
the greenside darter Etheostoma b l enn io ides , the striped shiner 
N otrop is  chrysocephal us3 and the longear sunfish Lepomis megal o t is .  
The smallmouth bass M icropte rus dol omieui accounted fo r only 1.28 
percent of the fishes collected in r i f f le s  in the upper L i t t le  
Missouri R iver. Lepomis megal o t is  was the most abundant species 
inhabiting pools and accounted fo r 35.19 percent o f a l l specimens 
collected from pools in  the main r iv e r .  Campostoma anomal um and 
N otrop is  chrysocephal us constituted 20.11 percent and 14.95 per­
cent o f a l l  specimens collected from the pools, respective ly . 
M icrop te rus dol om ieui represented 2.72 percent o f the to ta l number 
o f specimens collected from pools, and the rockbass Ambl opl i te s  
ru p e s tr is  accounted fo r only 0.82 percent o f the t o t a l . The mean 
numbers o f fishes per acre in  pools and r i f f le s  are shown in  Table 
15. The most abundant fishes in r i f f le s  on an areal basis in ­
cluded Etheostoma radiosum  (2,631/ac; 1,065/ha) and Campostoma 
anomal um (2,584/ac; 1,046/ha). Etheostoma b l enn io ides  was th ird  
in areal abundance and averaged 448/ac (198/ha). The mean fo r 
M icrop te rus dol om ieui was 90/ac (36/ha), and Ambl opl i t e s  ru p e s tr is
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Table 14. Numbers and percentage compositions of fishes collected in the upper L i t t le  Missouri 
River. Numbers of quantitative samples at r i f f le s  and pools are shown in parentheses.
TAXA RIFFLES (6) POOLS (9) COMBINED (15)
Number % Total Number % Total Number % Total




Notropis u m b ra tilis  
Pimephales notatus  
Semotilus atromacu la tus  
Hypentelium n ig ricans  
Ic ta lu ru s  n a ta lis  
Fundulus catenatus 
Fundulus olivaceous  
Labidesthes s iccu lus  
Am bloplites ru p e s tr is  
Lepomis m egalotis 
M icropterus dolom ieui 















































































































Totals 549 100.00 736 100.01 1,285 100.01
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Table 15. Mean numbers o f f is h e s  per surface  acre in  the  upper L i t t l e  
M issouri R ive r. Numbers o f q u a n t ita t iv e  samples are shown in  
parentheses.
TAXA RIFFLES (6) POOLS (9) COMBINED (15)
Gambusia a f f i n i s  
Campostoma anomalum 
N o tro p is  boops 
N o tro p is  ch ry s o c e p h a lu s  
N o tro p is  u m b r a t i l is  
Pim epha les n o ta tu s  
S e m o tilu s  a tro m a c u la tu s  
H yp e n te liu m  n ig r ic a n s  
I c ta lu r u s  n a t a l is  
Fundu lus c a te n a tu s  
Fundu lus o liv a c e u s  
L a b id e s th e s  s ic c u lu s  
A m b lo p lite s  r u p e s t r is  
Lepom is m e g a lo t is  
M ic ro p te ru s  d o lo m ie u i 
Etheostom a b le n n io id e s  
Etheostom a rad iosum  























































T o ta ls 7,077 2,985 5,035
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was not co l le c te d  in  the r i f f l e s .  Mean standing crops in  numbers 
per surface acre were higher (7 ,077/ac; 2,864/ha) than those re ­
ported fo r  pools (2 ,985/ac; 1 ,208 /ha), but standing crops in  Ibs/ac 
were much higher in  pools. The mean standing crops o f  f ishes  in  
r i f f l e s  and pools a t s ta t io n s  in  the upper L i t t l e  Missouri River 
are shown in  Table 16. R i f f l e  areas were less than 1.0 f t  (0.31 m) 
in  depth, and pools varied from 2.0 f t - 6 . 0  f t  (0.6-1 .8 m) in  depth, 
although pools deeper than 1.5 m were uncommon in  the study area. 
The mean standing crop in  r i f f l e s  was 31.01 Ibs/ac (5.69 kg/ha), 
and Campostoma anomalum, E theostom a rad io sum , and Lepomis m e g a lo t is  
con tr ibu ted  19.99 lbs /ac  (3.67 kg/ha) o f  the t o t a l .  The standing 
crop o f  the smallmouth bass M ic ro p te ru s  d o lo m ie u i was 2.81 lbs /ac  
(0.52 kg/ha). The greenside d a r te r  Etheostom a b le n n io id e s  had a 
standing crop o f  3.31 lbs /ac  (0.61 kg/ha). The mean standing 
crop in  pools was 90.74 lbs /a c  (16.66 kg/ha). The longear sun­
f is h  Lepomis m e g a lo t is  con tr ibu ted  32.56 lbs /ac  (5.98 kg/ha).
In a study o f  the f ishe s  below Lake Greeson by Frie tsche (1982), 
Lepomis m e g a lo t is  e xh ib ited  the highest catch ra te .  The ye llow  
bullhead I c t a lu r u s  n a t a l is  had a standing crop o f  12.79 lbs /ac  
(2.35 kg /ha), and the mean standing crop o f the smallmouth bass 
M ic ro p te ru s  d o lo m ie u i was 12.36 lbs /a c  (2.27 kg/ha). Rockbass 
A m b lo p lite s  r u p e s t r is  had a standing crop o f 11.07 lbs /ac  (2.03 
kg/ha). The to ta l  number o f  f ishes  was higher in  r i f f l e s  than 
in  pools , but biomass estimates were higher in  pools than in  
r i f f l e s .
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Table 16. Mean standing crops o f f ishe s  in  pounds per surface acre 
in the upper L i t t l e  Missouri R iver. Numbers o f q u a n t i ta t iv e  samples 
are shown in  parentheses.
TAXA RIFFLES (6) POOLS (9) COMBINED (15)
Gambusia a f f i n i s  
Campostoma anomalum 
N o tro p is  boops 
N o tro p is  ch ryso ce p h a lu s  
N o tro p is  u m b r a t i l is  
Pim ephales n o ta tu s  
S e m o tilu s  a tro m a c u la tu s  
H yp en te lium  n ig r ic a n s  
I c ta lu r u s  n a ta l is  
Fundulus ca te n a tu s  
Fundu lus o liv a c e u s  
L a b id e s th e s  s ic c u lu s  
A m b lo p lite s  r u p e s t r is  
Lepomis m e g a lo tis  
M ic ro p te ru s  d o lo m ie u i 
Etheostom a b le n n io id e s  
Etheostom a rad iosum  























































Total s 31.01 90.74 60.90
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The numbers o f in d iv id u a ls  and percentages compositions o f 
f ishes co l le c te d  from the t r ib u ta r y  stream are shown in  Table 17.
The numbers o f  species th a t  occurred in  samples co l le c te d  from 
r i f f l e s  and pools in  the t r ib u ta r y  were s u b s ta n t ia l ly  lower than 
the numbers co l le c te d  a t  sampling s ta t io n s  in  the main r i v e r .  
Etheostoma radiosum  accounted fo r  50.69 percent o f  the in d iv id u a ls  
co l le c te d  from r i f f l e s ,  and the creekchub Sem otilus atrom aculatus  
co n s t i tu te d  31.51 percent. The rockbass was not c o l le c te d  in  
the t r ib u ta r y  stream, and on ly  one smallmouth bass was c o l le c te d .
In pools the creekchub was a lso predominate and co n s t i tu te d  47.17 
percent o f  the to ta l  number o f  specimens c o l le c te d .  The d e ns it ies  
o f  Etheostoma radiosum  (1 ,721 /ac; 697/ha) and Sem otilus a tro ­
maculatus (925/ac; 374/ha) accounted fo r  90.6 percent o f  the to ta l  
number o f  in d iv id u a ls  present in  r i f f l e s  (Table 18). Sem otilus  
atrom aculatus  was the dominant f i s h  occurring in  pools (1 ,613/ac; 
653/ha) and comprised 51.0 percent o f  the t o t a l .  In c o n tra s t  to 
the main r i v e r ,  the mean number o f  in d iv id u a ls  per u n i t  area was 
higher in  the pools than in  the r i f f l e s .  Biomass estimates in  
the t r ib u ta r y  stream were s u b s ta n t ia l ly  lower than in  the main 
r i v e r  and averages fo r  r i f f l e s  and pools were 6.61 lbs /a c  (1.21 kg/ha) 
and 27.13 lbs /a c  (4.78 kg /ha), re s p e c t iv e ly  (Table 19). Semotilus 
atrom aculatus  con tr ibu ted  46.0 percent o f  the to ta l  biomass in  
po o ls .
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Table 17. Numbers and percentage compositions o f fishes  co llec ted  in  the t r ib u ta ry  stream to  the 
upper L i t t l e  M issouri R iver. Numbers o f q u a n tita tiv e  samples at r i f f l e s  and pools are shown in  
parentheses.
T A X A RIFFLES (3) POOLS (4) COMBINED (7)T A XA Number % Total Number % Total Number % Total
Campostoma anomalum 
Notropis chrysocephalus 
Notropis w h ipp le i 
Semotilus atromaculatus 
Ic ta lu ru s  n a ta lis  
Fundulus catenatus 
Lepomis megalotis 
M icropterus dolom ieui 






























































Tota ls 73 100.01 106 99.98 179 100.02
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Table 18. Mean numbers of fishes per surface acre in the tr ib u ta ry  stream to the upper L it t le  
Missour River. Numbers of quantitative samples at r i f f le s  and pools are shown in parentheses.
TAXA RIFFLES (3) POOLS (4) COMBINED (7)
Campostoma anomalum 
Notropis chrysocephalus 
Notropis w hipp le i 
Semotilus atromaculatus 






































Table 19. Mean standing crops of fishes in pounds per surface acre in the tribu ta ry  stream to 
the L it t le  Missour River. Numbers of quantitative samples at r i f f le s  and pools are shown in 
parentheses.
TAXA RIFFLES (3) POOLS (4) COMBINED (7)
Campostoma anomalum 
Notropis chrysocephalus 
Notropis w hipp le i 
Semotilus atromaculatus 




































Totals 6.61 27.13 16.90
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Long Term Study
The long term objectives o f th is  project including fina l 
evaluation of the effects of clearcut fo rest harvest on water 
qua lity  and aquatic l i f e  w ill be completed in Phase I I  of th is  
pro ject. The economic recession and reduced demand fo r wood 
products delayed harvest and s ite  preparation of clearcut sites 
in the watershed which were o r ig in a lly  scheduled fo r harvest 
during FY 1981. One-year studies w ill be conducted subsequent 
to harvest and s ite  preparation and at in te rva ls  of 5-10 years 
la te r to assess the impacts i f  any occurring during a complete 
regeneration cycle.
SUMMARY
Phase I o f a long term study on the effects of forest har­
vest on water qu a lity  and aquatic l i f e  was conducted in the upper 
L i t t le  Missouri River located in the Ouachita National Forest of 
west-central Arkansas. Fourteen physicochemical parameters were 
analyzed to ascertain baseline water qu a lity  in the watershed.
Water qu a lity  p rio r to clearcut fo rest harvest and regeneration 
was characterized by s lig h t ly  acid to neutral pH le ve l, low a lk ­
a l in it ie s  and to ta l hardness leve ls , moderately high dissolved 
oxygen leve ls , and a paucity o f nitrogen and phosphorus.
A to ta l o f 173 species o f macroinvertebrates was id e n tifie d  
from 15 u ltra v io le t l ig h t  trap samples and 350 quantita tive  benthic 
samples. Numerous taxa of macroinvertebrates in the watershed
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were c la ss ifie d  as being sensitive to environmental disturbances 
including increases in stream temperatures, tu rb id it ie s ,  sediment­
ation rates, and lig h t  in te n s itie s , or decreases in  dissolved 
oxygen concentrations. Mean monthly densities o f macroinvert­
ebrates at Station LM-1 ranged from 7,460/m2 to 20,958/m2, and the 
average density was 13,336/m2. S im ilar observations were made at 
Station LM-5 where mean densities ranged from 4,800/m2 to 23,040/m2, 
and the average density fo r a ll samples collected was 12,619/m2. 
Isopoda, Collembola, and Plecoptera were more abundant in  the 
tr ib u ta ry  stream, but Trichoptera densities were higher in the 
main r iv e r .
Th irty-tw o species of fishes have been reported from the study 
area o f the L i t t le  Missouri R iver. Twenty-two quan tita tive  c o lle c t­
ions were made from representative r i f f le s  and pools. In the upper 
L i t t le  Missouri River the S tonero ller Campostoma anomalum and the 
Orangebelly darter Etheostoma radiosum  accounted fo r  35.88 percent 
and 27.51 percent, respective ly o f the to ta l number o f fishes c o l l ­
ected from r i f f le s .  The longear sunfish Lepomis m ega lo tis  (35.19 %) 
was the most abundant f is h  found in  the pools. The smallmouth bass 
M icrop te rus  do lom ieu i represented 1.28 percent and 2.72 percent o f 
the to ta l number o f ind iv idua ls  collected from r i f f le s  and pools, 
respective ly . The mean standing crop o f fishes in r i f f le s  was 
31.01 Ibs/ac (5.69 kg/ha), and the mean fo r  pools was 90.74 Ibs/ac 
(16.66 kg/ha). The numbers o f ind iv idua ls  per surface acre were 
higher in  r i f f le s ,  but biomass estimates o f standing crops were 
higher in pools. The number o f species found in the tr ib u ta ry
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stream was considerably lower than the number collected from the 
main r iv e r .  Biomass estimates were also lower and averaged 6.61 Ibs/ac 
(1.21 kg/ha) and 27.13 lbs/ac (4.78 kg/ha), respective ly. The Orange­
be lly  darter Etheostoma radiosum  and the creekchub Semotilus a tro ­
maculatus were predominate in the tr ib u ta ry  stream.
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APPENDIX A
Species l i s t  and mean dens ities  o f animals co lle c ted  from natura l le a f packs, Upper L i t t l e  Missouri R iver, 
Montgomery County, Arkansas, 6 June 1980 - 21 May 1981. Densities are expressed as numbers per gram dry 
mass o f le a f pack (x 102). No samples were taken in  Ju ly  a t S ite  I .  (N=5).
- J U N ------------ ------------J U L -------------- - A U G ------------- - S E P ------------ - OCT------------- -NOV--------— ■DEC-----------TAXON s i t e : I I I I  I I I I I I I I I I I I I I I I I
E p h e m e r o p t e r a
A t t e n e l l a  a t t e n u a t a  
E u r y l o p h e l l a  b i c o l o r  
P a r a l e p t o p h l e b i a  s p .  
L e p t o p h l e b i a  s p .  
B a e t i d a e
B a e t i s  a m p lus  
B a e t i s  pymaeus  
P s e u d o c lo e o n  s p p .
2 1 . 3
1 1 . 3  
8 . 0  
1.0
0
5 6 0 . 6
0
6 1 . 1
3 4 . 1
0
7 7 . 3  
0 . 9
3 . 0  
0
7 7 6 . 7
5 1 . 5
1 9 . 6
2 5 0 . 5  
1 3 8 4 . 8
0
0
2 1 6 . 6
1 4 . 3




1 . 8  






2 4 . 0





3 2 3 . 3  
8 . 7  
8 . 1
3 3 . 7
2 0 7 . 1  
1.0
1 2 6 . 3
1 5 0 4 . 8
5 7 5 . 1  
1 . 2
0
4 7 1 . 6
0
9 . 6
7 1 . 1
3 9 0 3 . 8  










1 1 1 . 3
0
1 1 . 6
1 6 . 7
4 9 . 6
0
1 1 . 1
1 4 . 3




2 2 . 4  
0 . 5







5 . 9  
0  
0
4 . 4  
0
2 4 9 . 1  
0
9 0 . 4
2 4 . 3  
1 7 4 . 7
5 . 9
6 4 . 3
4 5 0 . 3
1 2 3 . 1
4 . 1  
0 . 5
1 5 6 . 4  
2 . 7
1 . 5
1 4 9 . 1  








1 4 . 2  
2 . 8
0
4 5 4 . 1
0
2 5 . 3  
2 3 . 8
2 3 6 . 0
1 . 8
1 1 . 5
3 7 . 7




3 0 . 1
2 . 0
3 0 . 7











3 5 3 . 8
0
1 3 8 . 5  
6 . 6
1 8 0 . 1
1 . 0
. 1 2 8 . 4
3 7 9 . 1
2 4 8 . 6  
0 . 4
0
4 7 8 . 6  
1.0
0
2 7 . 7













2 1 . 7
3 5 . 9
1 1 . 6
0
1 5 . 5
0















1 8 . 7  
8 . 9
0
4 1 . 7  
0
9 3 . 9  
8 . 5
1 1 . 6
0
2 0 . 7
1 6 . 9
6 4 . 4  
1 . 8  
6 . 9
2 0 . 5
2 . 3  
2 . 7
2 5 . 6
4 2 . 9  
0 . 2
0


































1 3 . 6
0
4 7 . 1  
0 . 9  
1 . 6  
0  
4 1 . 0
2 6 . 5
6 6 . 6  
1 . 2
2 . 3  
0
0 . 4
2 . 3  
9 . 5








1 5 . 4
2 . 4  
0





 0 . 3
3 . 5  














3 . 8  
0
8 . 7  
1 5 . 9
0





1 . 7  
1 9 . 7
2 . 2




1 . 7  
0
2 . 1






C e n t r o p t i l u m  r u f o s t r i g a t u m 1 2 3 . 1
S i p h l o n u r u s  s p .
I s o n y c h i a  r u f a
H e p t a g e n i i d a e  
Stenonem a m e d io p u n o ta tu m  
S tenonem a s p .A  
S tenonem a fe m o ra tu m  
S teno nem a  s p .
H e p t a g e n i a  s p p .
S t e n a c r o n  i n t e r p u n c t a t u m  
C a e n is  s p p .
T r i c o r y t h o d e s  a t r a t u s
A e s h n i d a e
L i b e l l u l i d a e
G o mp ni da e
H a g e n iu s  b r e v i s t y l u s  
Z y g o p t e r a
0
5 . 2
7 3 . 2  
4 1 . 5




1 1 . 2  









-------- JAN-------- -------- FEB--------- ---------MAR--------- --------- APR-------- ---------- MAY------ -
S IT E : I II I II I II I II I II
E p h e m ero p te ra  
A t t e n e l l a  a t t e n u a t a  
E u r y l o p h e l l a  b i c o l o r  
P a r a l e p t o p h l e b i a  s p .  
L e p t o p h l e b i a  s p .
B a e t id a e
Ba c t i s  amp l u s  
Bac t i s  pymaeus  
P se u d o c lo e o n  sp p .  
C e n t r o p t i l u m  r u f o s t r i g a t u m  
S i p h l o n u r u s  sp .
I s o n y c h i a  r u f a  
H e p ta g e n i i d a e  
Stenonema m e d io p u n o ta tu m  
S tenonem a s p . A 
S tenonem a f e m o ra tu m  
Stenonema s p .
H e p ta g e n ia  spp .
S te n a c r o n  i n t e r p u n c t a t u m  
C a e n is  sp p .
T r i c o r y t h o d e s  a t r a t u s
A e s h n id a e  
L i b e l l u l i d a e  
Gom pn idae
H a g e n iu s  b r e v i s t y l u s  






4 5 . 6
3 . 4
























3 3 . 6  
0
3 7 . 6




















3 5 . 4  
1 0 . 2
0
4 3 . 8
0
3 5 . 5  









8 . 9  











1 9 . 0
0
2 9 . 3  
0
3 9 . 4  




















1 1 . 2
2 8 . 6
0
1 9 4 . 2
0
3 2 . 9



















1 2 . 6
1 3 . 0  
3 3 . 8
0
2 5 8 . 6
0
4 8 . 1  




1 7 . 6






1 1 . 1  









6 4 . 2  
0
2 6 4 . 1  
0
1 6 3 . 1
4 4 4 . 7




















3 3 . 6  
0
1 3 8 . 6
0 . 9
1 0 7 . 1
2 2 6 . 3
1 1 8 . 5
0
2 4 . 5
2 . 6
1 6 . 8





1 5 . 3







1 . 4  
2 2 . 0
2 . 1
0
2 9 2 . 3
0
2 3 4 . 0
1 5 . 4
1 2 4 . 9
0
4 . 4  



















2 5 3 . 2
9 . 3  
5 3 . 3
9 . 5
1 1 8 . 2  
0
7 . 6  
6 4 . 1
3 . 6















-------------JUN------------ .............JUL-- - ....* --------------SEP---------- ---------------OCT------------- ------------- NOV------------- --------------DEC-----------
: I I I I 11 I I I I I I I I I I I I I 11
H e t a e r i n a  s p .
Ag r i o n  s p .  
C o e n a g r io n id ae 
A l l o c a p n i a  s p .  A 
A l l o c a p n i a  s p . B
C a pn i id ae  
L e u c t r id a e  
M isc .  Euholognatha 
M isc .  S y s te l lo g n a th a
Amphinemura de l o s a  
P r o s t o i a  c o m p l e t a  
T a e n i o p t e r y x  b u r k s i  
S t r o p h o p t e r y x  s pp .
P e r l id a e  
P e r l e s t a  s pp .
N e o p e r l a  s pp .  
P h as g a n o p h o r a  c a p i t a t a  
A c r o n e u r i a  s pp .  
P e r l i n e l l a  e p h y r e
C h lo r o p e r l i d a e
C l i o p e r l a  c l i o  
I s o p e r l a  namata  
I s o p e r l a  m o h r i  
H y d r o p e r l a  c r o s b y i  
H e l o p i c u s  n a l a t u s  











































































































































































































4 1 . 6









































































































































---------- JAN----------- FEB ---------- MAR---------- -----------APR----------- ----------MAY----------
SITE: I I I I I I I I I I I I I I I
H e t a e r i n a  sp .
Ag r i o n  sp .
Coenagrionidae
A l l o c a p n i a  sp .A  





Amphinemura d e lo s a  
P r o s t o i a  c o m p le ta  
T a e n i o p t e r y x  b u r k s i  
S t r o p h o p t e r y x  sp p .
Perlidae 
P e r l e s t a  sp p .
N e o p e r la  sp p .  
P h asg ano pho ra  c a p i t a t a  
A c r o n e u r i a  sp p .  
P e r l i n e l l a  e p h y re  
Chloroperlidae 
C l i o p e r l a  c l i o  
I s o p e r l a  namata  
I s o p e r l a  m o h r i  
H y d r o p e r l a  c r o s b y i  








































































































































































































































































-----------------J U N -------------- ------------ J U L - --------- ------------ AUG----------- -------------- SEP------------- --------------OCT------------- --------------NOV----------- -------------DEC------------
SITE : I I I I 11 I I I I I I I I I I I I I I I
Hydropsychidae
Cheumat o p s y c h e  sp p .  
H y d ro p s y c h e  spp .  
C h i mar r a  spp .  
D o l o p h i l o d e s  s p .  
W o rm a Id ia  sp .  
Leptoceridae
O e c e t i s  spp .
N e c to p s y c h e  s p .  
L e p i d o s t o ma s p .  
P o ly c e n t r o p u s  c e n t r a l i s  
Mic ra s e m a  r u s t i c u m  
O x y e t h i r a  spp .  
H y d r o p t i l a  sp p .
Mag a t r i c h i a  ayama 
Hydroptil idae 
He l ic o p s y c h e  L i m n e l l a  
Ag a p e tu s  m e d ic u s  
N e o p h y la x  s p .  
P y c n o p s y c h e l e p i d a  
R h y a c o p h i l a  s p .
S im u l i u m  s p p . 
P r o s im u l iu m  sp p .
D ix a  sp .
Empididae
B c z z i a - P r o b e z z i a  s p .  
























































































































































































































































































































































2 . 8  
4.5 
0 . 7  








-----------JAN------------- ------------ FEB------------- ----------- MAR------------- ----------- APR------------ ----------- MAY------------
I I I I I I I I I I I I I I I
Hy d ro ps y ch id ae
C heu m a to p sych e  s p p .  
H y d ro p s y c h e  s p p .  
C h im a r r a  s p p .  
D o l o p h i l o d e s  s p .  
W o rm a Id ia  s p .
L e p t o c e r i d a e  
O e c e t i s  sp p .
N e c to p s y c h e  s p .  
L e p id o s to m a  s p .  
P o l y c e n t r o p u s  c e n t r a l i s  
M ic ra s e m a  r u s t i c u m  
O x y e t h i r a  s p p .  
H y d r o p t i l a  s p p .  
M a y a t r i c h i a  ayama  
H y d r o p t i l i d a e
H e l i c o p s y c h e  l i m n e l l a  
A g a p e tu s  m e d ic u s  
N e o p h y la x  s p .  
P y c n o p s y c h e  l e p i d a  
R h y a c o p h i l a  s p .
S im u l i u m  s p p .  
P r o s i m u l i u m  s p p .
D ix a  s p .
Empididae
Be z z i a - P r o b e z z i a  s p .  





















































0 . 4  
0 . 7

















45 . 2 
8 .9
10.4
























8 . 9  
1 . 6 


























































































































































4 . 0  
0
9.1















JUN ---------JUL-------- — ■— AUG-------- -----------SEP--------- ---------- OCT--------- --------- NOV-------- --------- DEC--------
SITE: I I I I I I I I I I I I I I I I I I I I I
P e r i c o m a  s p .
A n t o c h a sp.
T i p u l a ab domi n a l i s
Tipulidae 
F o r c i p o m y i a  sp.





C r y p t o c h i r o n o mus s p .
Misc. Orthocladiinae
C o r y d a l u s  c o r n u t u s  
N i g r o n i a  s p.
Rhago v e l i a  f l a v i c i n t a  
Me r r a g a t a  b r e v i s  
Psephenus  h e r r i c k i  
E c t o p r i a  n e r v o s a
Elmidae
M i c r o c y l l o e p u s  p u s i l l u s  
O p t i o s e r v i s  s a n d e r s o n i  
M a c r o n y c h u s  g l a b r a t u s  
S t e n e l m i s  s pp .
S t e n e l m i s  b e a m e r i  
S t e n e l m i s  b i c a r i n a t a  






















































































































































































































































































































































----------- JAN---------- ---------- FEB---------- -----------MAR----------- ---------- APR---------- ------------MAY----------
SITE: I I I I I I I I I I I I I I I
P e r ico m a  s p .
A n to c ha s p .
T i p u l a  abdominalis
Tipulidae
Forcipomgia sp.





Cryptochironomus s p .
Misc. Orthocladiinae
C o r y d a lu s  c o r n u t u s  
N i g r o n i a  sp .
R h a g o v e l ia  f l a v i c i n t a  
M e r ra g a ta  b r e v i s  
Psephenus h e r r i c k i  
E c t o p r i a  n e rv o s a
Elmidae
M i c r o c y l l o e p u s  p u s i l l u s  
O p t i o s e r v i s  s a n d e r s o n i  
M a c ro n y c h u s  g l a b r a t u s  
S t e n e l m i s  s p p .
S t e n e l m i s  b e a m e r i  
S t e n e l m i s  b i c a r i n a t a  






































































































































































































































































-JUN---------- ■JUL--------- ----------1AUG-------- -SEP-------- -OCT--------- -NOV--------- - Dec --------
SITE: I II I II I II I II I II I II I II
Hydrophil i d ae 
H e l i c h u s  spp .
H e l i c h u s  f a s t i g i a t u s  
H e l i c h u s  b a s a l i s
Hydracarina 
L i r c e u s  s p .
Amphipoda









Desmogna th u s













































































































































































































































JAN---------- •FEB--------- -MAR---------- •APR--------- -MAY----------
SITE: I I I I I I I I I I I I I I I
Hydrophil idae 
H e l i c h u s  s p p .
H e l i c h u s  f a s t i g i a t u s  
H e l i c h u s  b a s a l i s  
Hydracarina 
L i r c e u s  s p .
Amphipoda









D esm ogna thus  
E th e o s to m a  ra d io s u m
0
0
0
0
93.7
3.7
0
1.1 
94.0 
0 
0 
0 
0
2.9
0
0.7
0
0
0
0
0
0
29.9 
0 
0
2.6
40.9 
0 
0 
0
0.4
0.4
0
0.7
0
0
0
0
0
0
219.8
4.6
0.6
1.5
226.8
3.7 
0
0.7
0
9.3
0
0
0.3
0
0
0
0
0.5
64.2
0.3
0
0
47.7
0
0
0
0
3.2
0.5
0
0.2
0
0
0
0
0
498.7
2.5
0
0.7
593.2
7.8
0
0.8
0
0.7
0
0.4
0
0
0
0
0
0
235.7
0
0
4.7
351.9
0
0
0
0
1.5
0
0.3
0.3
0
0
0
0.5
0
241.4
25.1
0
1.3
819.1
12.8
0
0.8
0
9.8
0
0
0
0
0
0
0.2
0
195.0 
0 
0 
0
838.1 
2.6
0
1.0
0
8.3
0
0
0
0.2
0
0
0.7
0
149.6
13.1
0.4
8.8
311.4
22.8
0
2.0
0
14.3
0
0
0
0
0
0
0
0
229.0
2.0
0
8.0
555.4
4.0
0
0
0
7.3
0
0
0
0
65
